Identification of the main cause of chronic liver damage (CLD) involved with plural etiological factors is important for the management and the treatment of patients. To evaluate its clinical usefulness in interpreting the main cause of CLD involved with hepatitis C virus, alcoholic overdrinking, or fatty steatosis, which are the most frequent and troublesome etiological facotors in the daily outclinic, serum neopterin level was measured in ten healthy subjects, ten chronic hepatitis C (CH-C) patients, nine alcohol-induced liver damge (AL) patients, eight non-alcholic fatty liver (FL) patients, eight CH-C with AL padtients, seven CH-C with FL patients and ten non-B non-C chronic hepatitis (CH-NBNC) patients by using radioimmunoaasay. There were no significant difierences in the mean serum neopterin levels among the healthy subjects, the AL patients and the FL patients. The serum neopterin level in the CH-C with AL or FL patients was significantly higher than that in the AL or the FL patients and just as high as that in the CH-C patients. Furthermore, serum neopterin level in CH-NBNC patients was as high as that in the patients with CH-C. Therefore, the serum neopterin assay can easily assume the main cause of CLD involved with plural causes, so it will be very useful in the daily clinical practice as an easyto-use auxiliary test.
Introduction
In the daily outclinic, if the patients have chronic liver damage (CLD ), identification of the main cause of CLD is very important for the management and treatment. The patients with chronic viral hepatitis (CH) have the risks of § Authors to whom correspondence should be addressed. Akira Fukuda, M.D. , Osaka Medical College , 2 -7, Daigaku-cho, Takatsuki, Osaka 569, Japan Pteridines/ Vol. 9 / No. 4 infections and may lead to cirrhosis and hepatocellular carcinoma, so appropriate and specific therapy is required (1, 2) . On the other hand, there are no risks of infections associated with alcohoi-induced liver damage (AL) or nonalcoholic fatty liver (PL), and their prognoses are favorable, because these diseases are mainly treated by moditying the living style, such as abstaining from alcohol or improving diet. Theretore, depending on the etiology of liver injury, management and treatment are drastically difterent, and consequently to develop a therapeutic policy, it is necessary to ascertain the pathology of CLD.
Recently, liver damage caused by alcoholic overdrinking or fatty steatosis due to overfeeding, obesity and diabetes mellitus has been on the rise . Consequently, there are more patients with chronic viral hepatitis complicated with FL or AL. Therefore, when these plural etiological factors are involved, it is often difficult to identify the main cause of CLD, and so a brief test that can easily determine the main cause of liver damage will be very useful in the daily clinical practice .
Of the various liver function tests, alaninamino transferase (ALT ) is a sensitive marker to detect liver injury, but this alone is not sufficient to determine the etiology of liver damage. Also, various hepatitis virus markers such as HBs antigen and anti-HCV antibody are important in screening the cause of liver damage . Nonetheless, it has been shown that some patients are asymptomatic carriers with normal liver functions (3, 4) . Furthemore, there are some chronic non-B, non-C hepatitis patients who are negative for the above markers. Although liver biopsy is an effective technique to diagnose definitely, it is an invasive procedure, and so it is not appropriate III the daily practice.
Neopterin is a metabolic product of a biosynthesis process in conversion of guanosine 3-phosphate to tetrahydrobiopterin (5, 6) . This compound is a useful marker that reflects the activated cellular immunity (7, 8) . There have been several reports on clinical significance of neopterin assay in various liver disease (9) (10) (11) (12) (13) (14) (15) . Nevertheless, there have not been any reports on the usefulness of serum neopterin assay in ascertaining the main cause of CLD when several etiological factors are involved.
Hepatitis C virus, alcoholic overdrinking, tatty steatosis and hepatitis non-B non-C virus are the most frequent and particularly troublesome etiological factors of CLD in the daily practice in Japan . Therefore, the aim of this study is to investigate the clincal usefulness of serum neopterin assay in interpreting the main cause of CLD involved with these etiological factors .
Subjects and Methods

Healthy subjects
Healthy adult blood donors, 14 men and 15 women whose age ranged from 20 to 65 years with a mean age of 49 years, were randomly selected as healthy subjects. The mean level of serum neopterin was 4.3 ± 0.7 nmol/L for the men and 4.4 ± 0.4 nmol/ L for the women, respectively. There were no significant difterences in the mean serum neopterin concentration attributable to sex or age, thus suggesting that the level of serum neopterin dose not fluctuate between the sexes within this age range. Accordingly, ten healthy subjects (6 men and 4 women) of age matching to that of the CLD patients were randomly chose for comparison.
Patients
We studied sixty patients with CLD, including ten patients with chronic hepatitis C ( CH-C), nine patients with alcohol-induced liver damge (AL), eight patients with non-alcoholic fatty liver (FL), eight patients with chronic hepatitis C complicated with alcoholic-induced lver damage (CH-C with AL), seven patients with chronic hepatitis C complicated with non-alcoholic fatty liver (CH-C with FL) and ten patients with non-B non-C chronic hepatitis (CH-NBNC ) .
All patients had abnormal liver function for at least six months. The main cause of chronic liver damage in these patients could not be clarified by only their routine liver function tests. The diagnosis of chronic hepatitis C was based on the presence of serum anti-HCV (II) antibody ( Ortho Diagnostics, ELISA) and HCV-RNA by the RT -PCR assay, the histological findings of liver biopsy samples and the absence of clinical, histological or serological signs of other viral, toxic, metabolic or autoimmune hepatitis. The AL patients had the long history of alcoholic abuse and confirmed histologically showing either fatty change or alcoholic fibrosis . In all AL patients, their liver function markedly improved after stop drinking. The FL patients were diagnosed by ultrasonographic and histological findings. These patients had associated disease such as overfeeding, obesity or hyperlipidemia. Both the AL patients and the FL patients were negative to clinical or serological sign of other causes of liver diseases. The chronic hepatitis C patients complicated with AL or FL had both clinical or histological findings of chronic viral hepatitis and alcoholic-induced liver injury or nonalcoholic fatty steatosis. The patients with non-B non-C hepatitis were all negative for anti-HCV antibody, HBs antigen and other signs of liver diseases, but they were diagnosed histologically as chronic viral hepatitis.
Methods
Blood samples were collected at the same time of performing the liver function tests, and the serum was immediately separated. They were then stored frozen at -30°C until the concentration of neopterin was ready to be measured.
The routine liver function tests were performed using a chemical autoanalyzer (Hitachi 760-60E, Tokyo, Japan). The hepatitis virus markersn was detected by using widely available commercial kits. The serum neopterin level (nmoljL) was assayed by using an RIA kit (IMMU test neopterin, Henning Berlin GMBH, Berlin, GER) (16), and its radioactivity was measured using a gamma counter (ANSR, Dinabbot Co., Ltd., Tokyo, Japan). All data are expressed as mean±SD.
The differences among healthy subjects and patients groups were statistically analyzed by the Mann-Whitney U-test, and p<O.OS was considered significant.
Results
As shown in Table 1 , there were no significant diffeences in age or ALT among the different groups. Also, although the level of gamma glutamyl transpeptidase (GGT) in the AL patients and in the CH-C with AL patients were higher than those in the other groups, there were no significant differences between the two groups. Consequently, the routine liver function tests failed to clarity whether hepatitis C virus, alcohol abuse, of fatty steatosis was the main cause of liver damage among patients with plural etilogical factors. Table 2 shows the mean serum level of neopterin in the healthy subjects and the CLD patients. The mean neopterin level in the healthy men and women was 4.S±0.2 nmoljL and 4.3± 1.0 nmol/L, respectively. These results agree with other previous report as the normal values of serum neopterin, and there was no significant difference between the sexes (17) .
The serum neopterin level in the CH-C with AL patients was significantly higher than that in the AL patients. Also, the serum neopterin level in the CH-C with FL patients was higher than that in the FL patients. The serum neopterin level in the CH -C patients was just as high as that in the CH-C with AL or FL patients, and there were no significant differences in the serum levels of neopterin among these patients groups. Furthermore, there were no significant differences in the serum neopterin level among the healthy individuals, the AL patients and the FL patients. Therefore, the serum concentration of neopterin was significantly high in the patients groups Figure 1 . Serum neopterin level in healthy subjects (HS ), chronic hepatitis C patients (CH-C) patients and chronic non-A non-B hepatitis patients (CH-NBNC) . Serum neopterin values (nmoljL) for each healthy subject and patient are plotted ( . ) and the mean ± SD for each group is also given. *p<O.OOI; **p: not significant.; *** p<O.OO1. complicated with CH-C regardless of factors su"h as alcohol abuse r fatty steatosis.
In addition, the serum neopterin levels in the CH-NBNC patients was just as high as that in the patients with CH-C. Moreover, serum neopterin levels of all CH-NBNC patients were higher than those of healthy subjects (Figure 1 ).
Discussion
The results of the presednt study showed that measurement of serum neopterin level would be useful in determining whether hepatitis C virus was the main cause of CLD among those patients with plural etiological factors, such as hepatitis C virus, alcoholic abuse, or fatty steatosis.
The etiology of CLD greatly varies. In Japan, due to its incidence and the problems associated with its prognosis, hepatitis C virus is the most important etiological factor for CLD. Furthermore, the number of AL or FL patients caused by drinking, overfeeding or obesity is recently increasing, and they are most frequently observed in the daily outclinic. Accordingly e are now many patients with mixed etilogical factors such as hepatitis C virus, alcohlic overdrinking, and futty liver. In these patients, the serum neopterin assay can easily provide additional information in determining the main cause of chronic liver damage. In other words, if the level of serum neopterin is high, then we can deduce that hepatitis C virus is likely to the main cause of liver damage, but if the level of serum neopterin is within the normal range, then we can assume that overdrinking or fatty liver is the main cause of liver damage.
In the diagnosis of AL, one of the clinically important findings is that the liver dysfunction is improved by abstaining from alcoholic drinking. Nontherless, in then outpatient clinics, it is generally difficult to order the AL patients who consume large quantities of alcohol to abstsin from drinking. Therefore, it has often been difficult to determine the main cause of liver damage among patients with both hepatitis C virus and overdrinking history. The results of the present study showed that if the serum neopterin level is high, then hepatitis C virus is more likely to be the main cause of liver damage.
Due to recent advances in diagnostic imaging, FL can be non-invasively and easily diagnsed by abdominal ultrasonography. Nontheless, the presence of fatty liver is not necessarily accompanied by liver dysfunction, and it takes a long time to improve fatty deposit by diet or exercise treatment. Therefore, it has been difficult to determine the main cause of its liver damage in the patients with both hepatitis C virus and fatty liver. Also in these patients, if the serum neopterin level is within the normal range, then we can deduce that fatty liver is the main cause, and if the serum neopterin level is high, then we can assume that hepatitis C virus is the main cause of its liver damage.
There are several reports that the level of neopterin increases in the patients with alcoholinduced liYer injury ( 18, 19) . In the present study, however, the serum neopterin level did not significantly increase in the patients who consumed large quantities of alcohol. This may be partially explained by the fact that the degree of liver injury caused by alcohol consumption markedly varies.
The increase in neopterin correlates with the activation of macrophages via y-IFN stimulation (20) , and this increase is generally thought to reflect an acceleration in the cellular immunity (8, 14) . Based on the mechanism of increase in the neopterin level, it is likely that liver injury due to hepatitis C may more closely correlated with the immune system than that due to alcohol or fatty change.
In the present study, the serum neopterin level was relatively high in the CH-NBNC patients and in the CH-C patients. This findings shows that even in the absence of obvious etiological factors, the elevated serum neopterin level suggests the existence of unknown types of hepatitis viral infection (13) . Moreover, neopterin assay may also be used to screen blood donors to prevent the post-transfusion hepatitis caused by unknown hepatitis virus which there are no viral markers at present.
Terefore, the serum neopterin assay would be useful as an easy-to-use auxiliary test in the outpatient clinics since the immunological status of the patients can be assessed simultaneously by using blood samples.
